Abstract: Upper Indus Basin (UIB) region has faced seasonal and sometimes unpredictable disastrous flow in their tributaries and contributing one of the world's largest Indus River System. As these streams emerged from high mountains of Hindukush, Karakorum and Himalaya ranges, and formed as a lifeline for the local population of which 90% is accommodate by Indus River system source. A little change in the regional climate may cause floods and outburst flows in the river and affects the lives, regional ecosystem and long part of the Karakoram highway. On the other hand, the shortage of water in Pakistan can create an alarming condition in future because a huge amount of eastern glaciers is shrinking. According to UN-ICC 2011 report Pakistan is in top of the four risky countries which adversely affected by climate change and especially worst hit by bi-catastrophes in 2010.During summer, intensifications of temperature may dissimilar for different locations/altitudes but it affects the glaciated areas. Moreover, the summer river flow and precipitation in previous winter and spring seasons has significant correlation shows their influence in the UIB region. Consequently, it may also be responsible for fluctuation in the seasonal/regular flows of UIB Rivers. To study these variations this paper analyses two types of data, mean monthly and 4-times moving average of monthly for long-term forecast. They belong to two different rivers Ghizer-Gilgit at Gilgit and Ghizer-Gilgit-Hunza at Alam stations. Both types of data illustrate a strong seasonal cycle. Therefore, seasonal autoregressive integrated moving average (SARIMA) models of time series method have been used. The five selected SARIMA models explore 90% and more river flow forecast. Moreover, the result with 4-times moving average is more accurate than simple data.
INTRODUCTION
Agro dominated economy of Pakistan is based on one of the world largest integrated irrigation network of Indus River system. They originate from the world highest Gallicized mountain ranges of Hindukush, Karakorum and western Himalayan regions. This is supposed to be the largest area outside the Polar and Greenland region [1] . The total catchments area of upper Indus Basin (UIB) is about 206000 km 2 , out of which 22000 km 2 comprises of perennial snow/ice and glaciers [2] . Water from this area is lifeline for local as well as downstream population and accommodates approximately 90% of Indus River system source. Sometimes, a little change in the local climatic condition may cause floods and outburst flows (responsible for abrupt rise in the river in fraction of hours) and become hazardous for the whole region.
There are more than six main tributaries in the UIB region (like Astor and Shyok Ghizer-Gilgit) whose flow is largely depends on the timing and volume of local precipitation. When usual seasonal temperature *Address correspondence to this author at the Institute of Industrial Electronics Engineering (IIEE), PCSIR, St-22/c, Block # 6, Gulshan-e-Iqbal, Karachi-75300, Pakistan; Tel: +9221-99244218 (Ext. 112); E-mail: syed_a_hassan@yahoo.com increases, the melting of remote glaciers and snow covers also rises and they form flood in UIB almost every year [3] . However, in some years disastrous flood arrive and affect the activities of local population and long part of the Karakoram highway. On the other hand, the shortage of water in Pakistan can create an alarming condition in future because a huge amount of eastern glacier is shrinking. It is surprising in view of report of the UN International Climate change conference held in Durban 2011that "Pakistan has been putted on top of four risky countries which are adversely affected by climate change and worst hit by bi-catastrophes caused by extreme weather events like in 2010".
Moreover, during summer (June to August) 2011 and 2013 floods, Pakistan has faced dangerous situation when half of lower Sind submerged under floodwaters and in the later year, Karachi was experiencing heaviest rains of the decade. It may happen due to the combined effect of the climatically influenced dynamical changing weathers on mountainous area and unexpected monsoonal rainfall.
Most of the time snow covers dynamics and hydrological regime of UIB regions contributing complex activities to the river flow network regularly [2] . Consequently, the area has faced fluctuated rivers flow in their tributaries and the main Indus River. It can be proved that climate change has potential impact on water resources of UIB in both freezing and melting forms [4] . Naturally, the situation calls for a better forecasting of a potential flood, much earlier before its formation. Forecasts of temperature, wind-speed and precipitation, it being correlated to solar activity, expressed by sunspot numbers [3, 5] a few days ahead contribute short-term predictions only. The available temperature and precipitation data of nearby glaciated areas make river flow forecast significant in UIB region. However, due to rough terrain areas and high hazardous rocky Mountains, installation of observatories to measure local climatic parameters is difficult. Moreover, due to the many short and long term variations in the network, complex hydrology with incomplete information about their process, the real time assessments of river flow forecast is considerably uncertain [6] . The investigation of a single time series (univariate analysis) is also important in hydrological modelling [7] . Now this paper utilizes the concept of time series model of auto-regressive integrated moving average (ARIMA) methods. Briefly, ARIMA stochastic model comprises of autoregressive (AR) process, consider the memory of previous events; an integrated (I) process, which describes stabilizing or making the data stationary, helps to easier forecast; and a moving average (MA) of the forecast errors, support to accurate forecast with conditioned to large historical data. ARIMA has three model parameters, p, d and q for AR, I and MA processes respectively. All these are joined and interrelate with each other and recomposed into ARIMA (p, d, q) model. In order to estimate river flow (flood), it is particularly important to optimize the seasonal forecasting of UIB stream flows. In view of the above, this paper presents modelling and forecasting of rivers flow of UIB using seasonal autoregressive integrated moving average (SARIMA) time series models [8] for the long term forecast. As this model provide good results due to their efficient seasonal adoptability and self-regressed. Seasonal forecasting is a better way to save water, reduce poverty, food security improvement, health, environmental security and management of power generation [9] . The method could provide significant benefits for the management of national power strategies by providing an early indication of surplus or shortfall in hydropower which would require balancing with thermal power source [10] . We will study the impact of climate variables and the method for seasonal forecasting, considering UIB as a case study and the local climates as parameters in our future communication. The data available from 1985-to-2008 of mean monthly Ghizer-Gilgit (GG) River flow at Gilgit station and while 1969-to-2008 of GhizerGilgit-Hunza (GGH) River flow at Alam station ( Figure  1 ). This paper organizes as follows. In the next section, we present the Time series method. In Section 3, we show the main empirical results and discussion. Finally, we draw some conclusions in Section 4.
MATERIAL AND METHODS

Time Series Method
The hydrological time series data are mostly autocorrelated [11] . Their supported mathematical modelling of linear time series method of hydrological data is most appropriate [12] . Archer [13] also recommends this method of modelling for the UIB region. The most traditional time series models are autoregressive (AR) and moving average (MA) methods [14, 15] . However, some times it is necessary to consider mixed autoregressive and moving average models, ARMA (data assumed to be stationary) and its extended form autoregressive integrated moving average ARIMA (data assumed to be non-stationary) [14, 15, 16] . Some modification to basic ARIMA model involving 'seasonal differencing' allows the model to include seasonal component that is SARIMA (seasonal autoregressive integrated moving average) model, which is of much interest for this study. A shortcoming of these methods is that the relationship between the parameters cannot be permanently represented linearly [17] . The SARIMA time series modeling method, utilized Box & Jinkens [16] scheme. It has three main steps Identification, Estimation & Testing, adequacy of proposed model and Forecasting. Autocorrelation function (ACF) and partial autocorrelation function (PACF) plots are used to identify the most appropriate formation and order of the SARIMA (p, d, q) (P, D, Q) s model [8, 16] . Where, "p", "d" and "q" represent simple autoregressive, differencing and moving average components respectively whereas, "P", "D" and "Q" of all three belongs the same representation for seasonal order "s". The ACF plot shows the existence of the autoregressive and their significant initial lag values recognize the order "q" of the moving average components. Although, the significant initial lag values of simple PACF plot helps to identify the order "p" of autoregressive and behavior of the initial lags indicates the existence of the moving average components [18] .
The integrated component appears when we need to stationary the data series using differencing of order "d". Moreover, the ACF plot also indicates the seasonal variations by periodic change of their values [16] .
The river flow time series plot (Figure 2) The observed data of UIB rivers shows significant PACF plot values (Figures 3b, 4b, & 5b) and exponential decay behavior in the preliminary lags with seasonal in the long run of ACF (Figures 3a, 4a, & 5a) correlograms. Based on these criteria we have selected some models. The estimation of most optimized parameter of the models is achieving using E-Views software [19] . Moreover, the testing of the suggested models based on the prediction parameters statistical tests of R-square, Durban Watson, Akaike Criterion [20] and Schwarz Criterion [21] as shown in Table 1 . 
Where, G t 1 and G t 2 represents GG River flow at Gilgit station and their superscripts shows the first and second model. (1 a, 
Where, A t 1 and A t 2 represents the first and second model of GGH River flow at Alam station respectively. While, the model selected for 4-times moving average data of GGH River at Alam station is SARIMA (2, 0, 1) (1, 0, 1 
Where, M t represent GGH River flow 4-times moving average at Alam station.
To check the adequacy of the proposed model employed ACF and PACF analysis of the prediction residuals. There is no significant spike of ACF, PACF occur, and no outliers are found in the residual data of all five models. The adequacy of the models has sustained. Finally, the forecasting procedure is performed in the next section.
RESULT & OUTLOOK
The forecasted result for simple data of GG River flow at Gilgit station is achieved ( Table 1) Table 2 ). 
CONCLUSION
Total five seasonal time series models are selected for better forecasting purpose. Moreover, models for GG River flow at Gilgit station provide 90% whereas, models for GGH River flows at Alam Station provide more than 90% forecasting results for simple mean monthly data respectively (Tables 1 & 2) . For the long term forecasts and water management purposes the best result for 4-times moving average data of GGH River flows at Alam station is achieved. Efficient forecasting models provide vast benefits in agricultural and power generation sectors of Pakistan that always depend on water resources. This type of forecasting is very essential for the current and future water management of Pakistan. A better management scheme can help to overcome the catastrophic conditions. Forecasting of water resources using time series models in such areas can help us to understand the existing scenario of weather change.
